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Highlights

>

Atriums are architectural solutions that are addressed during the design phase of buildings and aim to

make the outdoor lighting conditions feel inside the building thanks to their large glass surfaces.

» The greenhouse effect occurs when the indoor temperature rises excessively with the limited
circulation of the air as a result of overheating in the building.
» Mechanical ventilation solutions can offer effective cooling solutions in areas where natural ventilation
is not sufficient.
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Atriums are architectural solutions that aim to make the outdoor lighting conditions
feel inside the building, thanks to their large glass surfaces. In addition to the
aesthetic appearance it gives to the buildings, it provides maximum benefit from
daylight. However, if the correct glass type is not used and does not contain sufficient
shading elements, it is difficult to produce permanent and sustainable solutions with
subsequent measures. In this case, turning to mechanical solutions emerges as an
option that helps to idealize indoor comfort conditions. In this study, it is aimed to
reduce the greenhouse effect created by the atrium of Trakya University Technical
Sciences Vocational School with passive cooling strategies within the building and
construction elements in terms of summer comfort. Although it is disadvantageous
in terms of energy consumption and high cost in terms of initial investment,
mechanical ventilation is an effective suggestion for solving the problem.

Atriyumda Sera

Etkisi Problemine Havalandirma Coziimleri: Trakya

Universitesi Teknik Bilimler Meslek Yiiksekokulu Binasi
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Coziimleri.

Atriyumlar, genis cam yiizeyleri sayesinde dig ortam aydinlanma kosullarini bina
icerisinde hissettirmeyi amaglayan mimari ¢dziimlerdir. Binalara verdigi estetik
gOriintiiniin yaninda giinigigindan maksimum derecede faydalanmay1 saglar. Ancak
dogru cam tipi kullanilmadigi ve yeterli gélgelendirme elemani barindirmadig:
takdirde yapida agir1 1sinma, kamasma vb. problemler meydana getirebilmektedir.
Asir1 1sinma baska bir deyisle sera etkisi yaratan cam yapinin liretim asamasinda
uygun cam kullanilmamasi durumunda sonradan alinan onlemlerle kalici ve
stirdiiriilebilir ¢oziimler iiretmek zor olmaktadir. Bu durumda mekanik ¢6ziimlere
yonelmek, i¢ ortam konfor kosullarini idealize etmeye yardimci bir secenek olarak
ortaya ¢ikmaktadir. Bu ¢alismada Trakya Universitesi Teknik Bilimler Meslek
Yiiksekokulu’nun atriyumunun yarattig1 sera etkisinin, yaz konforu agisindan bina
ve yapt elemanlar1 biinyesinde pasif sogutma stratejileri ile azaltilmasi
hedeflenmistir. Enerji tiikketimi ve ilk yatirnm agisindan yiikksek maliyetli olmasi
dezavantajli olmakla birlikte sorunun ¢oziimiinde mekanik havalandirmanin efektif
bir 6neri oldugu sonucuna varilmustir.
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1. Introduction

Atriums are architectural solutions that are addressed
during the design phase of buildings, aiming to make
the outdoor lighting conditions feel inside the building,
thanks to their large glass surfaces. Along with the
aesthetic and functional advantages it provides to
buildings, it positively affects the psychology of the
individual with the effective use of daylight. People
spend about ninety percent of their day indoors (Le-
Thanh et al. 2022). Studies have shown that natural
daylight and solar radiation have a positive effect on the
physiology, psychology and work efficiency of users
[Rastegari (2021); Mohsenin&Hu (2015); Almododvar-
Melendo et al. (2022); Motamedi&Liedl (2017)]) and
that daylight improves visual perception. and showed
that it can improve the synchronization of circadian

stimuli in the human body.

As they provide the connection between the floors in
the architectural structure, they are generally used as a
gathering, exhibition hall, entrance hall, etc., because
they are located in the center of the buildings. It is also
preferred in solving functions. In modern architecture,
atriums provide common space solutions in
commercial and educational buildings, entrance halls
or courtyard volumes in hospitals, and in malls, by
connecting floors with different functions in the center,
they improve the visual perception of the space, reflect
the environmental effects to the interior volume,
making long times spent in closed spaces more

enjoyable for individuals (Bednar, 2007; Saxon, 1986).

Together with the advantages it provides, atriums can
bring negative loads on the structure in terms of heating
and/or cooling energy depending on the climate,
geometric form and the properties of the glass and
metal elements that make up the surface (Abdullah et
al. 2009; Mills 1994). The presence of skylights with
large surfaces causes the atrium to be affected by
unfavorable conditions such as overheating, high

energy consumption and glare (Xue & Liu, 2023).

However, the constant rise of the heated air and its
inability to evacuate can cause the air to remain in the
volume, and the inability to circulate fresh air as well
as heating can cause factors that negatively affect the
comfort conditions. Indoor conditions and quality are
essential requirements for users to be healthy and
productive. However, it is known that indoor comfort
conditions have important effects on educational
structures in terms of learning ability. Having the
desired level of visual comfort conditions is necessary
in university buildings with different functions and
sizes, such as classrooms, offices, laboratories, in order
to improve visual and spiritual performance, keep
learning performance high, and increase motivation
and work productivity (Yener, Giivenkaya, & Sener,

2009).

School of

Technical Sciences Building, which is discussed in this

In the Trakya University Vocational

study, due to the overheating (greenhouse effect)
caused by the atrium and the inability to evacuate the
heated air, the user cannot meet the comfort conditions
in the current situation, the orientation of the building
and the choice of the building envelope (glass surfaces)
(especially the glass surfaces). There are thermal
comfort problems (which are much more evident in
summer). In this current situation, it is necessary to use
cooling systems that will increase the energy load at a
high rate in order to provide summer comfort
conditions. One of the main problems of the study is to
provide the necessary comfort conditions by using
energy efficiently in the education building.
Continuous cooling/air conditioning is necessary for
the building to be used in its current state. This situation
brings a high cost to the energy consumption expenses,
which is one of the most important operating costs for
public buildings, and thus to the university budget. For
this reason, the building has not been able to actively
function and be used since its implementation. In order
to ensure the effective use of the building, ventilation

solutions should be made as well as daylight control.
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For the improvement solution of the building,
ventilation solutions were developed in addition to the
solutions proposed for daylight control of the building
with a Scientific Research Project within the body of
Trakya University. In this study, the mechanical

ventilation solutions of the building are emphasized.
1.1. Literature Review

In order to ensure healthy air circulation in the atriums,
it is important to make use of natural ventilation and to
address this at the design stage. Holford & Hunt (2003)
revealed the most suitable atrium size for natural
ventilation with mathematical calculations. Moosavi et
al. (2014) compiled the literature on natural ventilation
of atria and revealed that the size of the air outlet
opening in the atria is one of the most important

parameters in ventilation.

It is known that the geometric design of the atriums

(aspect-length-height  ratio) affects the energy
performance of the building. Ko¢ & Macka Kalfa
(2019) determined the energy performance of different
atrium types of a mid-rise office building according to
different climatic zones. Similarly, Arslantas & Aycam
(2021) discussed energy efficient atrium designs in
different climatic regions. In another study, Sevim &
Engin (2019) examined the effect of the atrium on
natural ventilation in office buildings with atriums
through examples of the shape and location of the
atrium. Abdullah & Wang (2012) evaluated the comfort
conditions created by two different types of atrium,
namely overhead lighting and side lighting, in their

study.

There are many studies in the literature on the control of
the light taken into the building and the shading
elements of the atriums consisting of large glass
surfaces. Goger & Tavil (2008) worked on the
simulation of the glazing systems of atriums to provide
comfort conditions. Abdullah et al. (2009) aimed to

solve the negative comfort conditions caused by

daylight in atriums with blinds and curtains.

Acred & Hunt (2014) developed a design strategy for
chimney ventilation in multi-storey atrium buildings in
their study. Holfor & Hunt (2003) focused on
developing strategies to improve the flow of natural
ventilation in buildings with limited direct connection to
the outdoor atrium. Liu, Lin & Chou (2009) focus on
developing a method for predicting buoyancy-induced
ventilation performance in buildings with atriums
during the design phase. Fini & Moosavi (2016)
examined the changes in the performance of the atrium
walls due to their geometric forms and concluded that
the combination of vertical and sloping walls performed
best when using sloping walls for lower floors and

vertical walls for upper floors.
2. Ventilation Solutions in Atriums

It is important to foresee the thermal comfort problems
of the atrium structures at the design stage and to address
the solutions for this at this stage. Although it is costly
to solve such problems after the building is
implemented, the desired level of efficiency may not be

achieved.

The most effective solution applied during the design
phase of the building is the application of solar chimney

and wind scoop techniques together.
2.1. Natural Ventilation with Solar Chimney

Solar chimney application can be a very good solution
depending on the building characteristics. Solar
chimneys are systems used to create convective air
currents from inside the building to the outside. In
general, two chimneys, one hot (solar chimney) and the
other cold (wind scoop), open to the outside, help create
air currents inside the building. The solar chimney
should rise higher than the highest point of the building
and should be properly designed to facilitate the exit of

hot air in case of wind. The temperature differences in
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this system provide air circulation in the building and
have the effect of ventilation and cooling in summer.
Recently, it has been observed that natural ventilation
has been made with solar chimneys in many modern and
new buildings. The most important advantages of these
systems are that they are very convenient and simple
solutions that do not consume energy. It is a widely used
method in evacuating the hot air accumulated in the

atriums and creating the passive cooling effect.
2.2. Natural Ventilation with Windcatcher

The theoretically optimal solution in the Vocational
School Of Technical Sciences Building is to provide
natural ventilation with a solar chimney and an
accompanying wind scoop. However, considering the
solar chimney and wind scoop systems while the
building is in the design phase is very important in terms
of functionality. Analyzing airflows at the design stage
requires the design of chimney systems where
appropriate. In some special cases, it is possible to apply
in existing buildings despite the loss of functionality.
However, for the Vocational School of Technical
Sciences Building, a contracting firm is required to
make the specific solution and design and the correct
application of the system. Therefore, although the solar
chimney application is partially functional, it is seen that
it is a compelling solution to implement it in practice for

the Vocational School of Technical Sciences Building.
3. Method

In order to evaluate the current comfort conditions of
the building, indoor temperature, relative humidity, air
flow rate and lighting values were determined by using
the TESTO 440 device with on-site measurement
technique (Fig. 1). This device is Precise, reliable
measurement of all air wvelocity and indoor air
parameter parameters with a single measuring device
(Testo, 2023). This
Temperature (NTC) -40 to +150 °C Accuracy (+1 digit)

+0.4°C(-40t0-25.1 °C)£0.3 °C (-25t0 +74.9°C) +0.4

device’s measuring range

°C (+75 to +99.9 °C) +£0.5% of m.v. (remaining meas.

range) ande resolution 0.1 °C.

Figure 1. Testo 440 Measurement Device

In order to improve the thermal comfort conditions of
the building, suggestions for covering the sun-blocking
film on the transparent surfaces and adding fringes to
the structure were studied together with the cross
ventilation solutions. If these suggestions are applied
separately, it has been seen that the building does not
solve the overheating problem and is insufficient to
idealize the thermal comfort conditions. For this reason,
mechanical ventilation solution was studied. In this
study, classical natural ventilation and mechanical
ventilation methods are discussed. Natural ventilation
is one of the most practical techniques for reducing
energy use in buildings and can be operated without
mechanical assistance by pressure differences between
the inside and outside of a building. Natural ventilation
is generally applied as wind-driven ventilation (also
known as cross-ventilation) and buoyancy-driven (also
known as stack effect) ventilation. Mechanical
hand,

processing and distribution of the air inside the building

ventilation, on the other consists of the
with the use of various equipment and devices. It is a
controlled operation compared to natural ventilation,

but can consume large amounts of energy.
3.1. Sample Building Information

The architectural structure of the building consists of a

total of 5 branches located in different directions. The
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building is located on a sloping land and gradually sits
at a total elevation of approximately 18 m. Due to the
gradual settlement in the building, there are a total of 5
floors sitting at different levels (Table 1). The building
has an indoor atrium. A mixed system of steel and
reinforced concrete was used as the structure system.
The steel structure part is constructed with glass
components by applying the structural silicone curtain
wall technique. In the reinforced concrete part, masonry

wall elements are used (Fig. 2-3).

.

@ xo1 (koridor) O KO02 (koridor) O k03 (koridor)

Figure 3. Architectural Plan

The building has transparent surfaces on the facade and
ceiling in the south, southwest and west directions (Fig
4-5). The total area of the transparent surfaces on the
roof is 941.37 m?, and the distribution of the transparent
surfaces on the facades of the building according to the
directions is given below (Table 1). The method widely
used in building ventilation and air conditioning is
mechanical ventilation. Although natural ventilation in
Atriums is an application that should be preferred as a
priority, this situation should be addressed at the design

stage of the building. Therefore, in the current situation,

mechanical ventilation comes to the forefront as a
necessity for the Vocational School of Technical

Sciences Building.

Table 1. Distribution of Transparent Surfaces in the

Building According to Directions (m?)

Facade Name Surface Area (m?)
South 409,59
South East 85,38
West 348,6
Total 843,57

Figure 4-5. Building Exterior View

There are transparent surfaces on the facades and
ceilings of the building in the south, southwest and west
directions (Figs. 4-5). The total area of the transparent
surfaces on the roof is 941.37 m?, and the distribution of
the transparent surfaces on the building facades

according to the directions is given below (Table 1).
3.2. Experiment Measurements

First of all, the current state of the building was
analyzed, and the indoor comfort conditions were
determined with the TESTO 440 device. Accordingly,
the temperature and relative humidity values in the
current state of the building are as in Table 2. There are
5 scenarios presented as suggestions in our scientific
research project in order to improve the existing data of
the building whose values were measured in May.
Firstly, covering the transparent surfaces on the roof
with film coating, secondly, opening the windows for
natural ventilation, thirdly adding eaves to the building,
and fourthly, landscaping were considered as the main
options. In addition, the options where two of these
methods come together were also evaluated. In this

study, mechanical ventilation solution is considered as
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the fifth option, which is evaluated completely

independently of the given options.

The method widely used in building ventilation and air

natural ventilation in atriums is an application that
should be preferred as a priority, this should be

addressed during the design phase of the building.

conditioning is mechanical ventilation. Although
Table 2. Average Temprature and Humidity Measurements
Corridors K02 K03
08: Criteria | (ppm) | (%rH) C) | (ppm) | (%rH) O | (ppm) | (%rH) | (O
E MORNING | Average 417 38,0 339 | 2806 39,3 315 375 26,3 34,7
g NOON Average 372 25,7 43,8 243 36,0 338 381 20,5 39,8
© EVENING | Average 384 338 34,1 269 32,2 36,09 388 21,7 38,6
Corridors K02 K03
% Criteria (%rH) (ppm) (%rH) | (°C) (ppm) (%rH) | (°C)
g MORNING Average 372 257 43,8 386 239 37,0
E’ NOON Average 364 210 | 533 212 247 | 465 391 191 | 424
LL
EVENING | Average 381 248 | 44,8 267 265 | 423 416 205 | 40,1

Therefore, mechanical ventilation comes to the fore as a
requirement for the Technical Sciences Vocational

School Building in the current situation.

Primarily, the discharge of hot air on the roof and the
supply of fresh air to the building with the help of ducts
and fans in order to prevent negative pressure will be
effective in reducing the overheating problem and
controlling it at a certain level. At this point, many
options for mechanical ventilation come to the fore.
These options will be briefly discussed here. Because
this issue requires a separate project study where the
best solution will be possible with a final and detailed
ventilation design. There are basically two different
applications for the mechanical evacuation of the hot air

formed in the Atrium of the Vocational School of

Technical Sciences Building with the help of channels.
In the first application, as shown by the orange drawing
in the figure 6, the hot air accumulated on the ceiling of
the Atrium is discharged from the side through a suction
channel to be made along the Atrium. Although this
application is a part of the standard ventilation
application, because the amount of hot air to be
discharged is high here, large-diameter suction ducts
must be made. In addition, the long distance, the
structure of the duct and the excess air to be expelled
will cause high energy consumption. The other negative
is seen as problems related to the places where the ducts
can be installed. As a result, it is possible to apply a
suction duct throughout the Atrium with the appropriate

engineering design.
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Figure 6. Atrium Suction Duct Schematic Illustration.

On the other hand, It is possible to make partial air
evacuation at a certain point of the Atrium with short

channels from the area W.C. (Figure 7).

QHLON6350)

Figure 7. W.C. Schematic Representation of Air
Evacuation with Short Channels.
Although it is a more convenient method in terms of
cost and application, this method of discharge will
cause irregular airflow. It will also not provide
evacuation with the desired efficiency, because the

Atrium is spread over a very large area.

The second alternative for the suction ducts is the
suction from the Atrium by passing through the
classrooms with the help of independent ducts as shown
in the figure 8. The advantage of this method is that the

duct diameters will be significantly reduced

and the suction points will be distributed properly.

However, passing channels through the classroom will

cause difficulties in terms of construction technique and
application. In addition, in order to minimize the fan
noise that will occur, placing the fans on the exterior or
insulating if they will be placed indoors will bring a
certain assembly difficulty. The discharge of the atrium
hot air accompanied by the delivery of fresh air is
absolutely mandatory, otherwise the suction alone will
further impair the thermal comfort in the indoor
environment. It is possible to apply a duct throughout
the Atrium as shown in the figure 9 to mechanically

deliver fresh air.
4. Findings and Discussion

There are two options for fresh air duct, metal duct and
fabric duct application. Although metal duct is the
classical and most common duct application, it has
many disadvantages, especially when considering the
Atrium structure, there are difficulties in terms of both
design and installation. On the other hand, an important
reason why natural ventilation is preferred in atriums is
energy efficiency. Metal ducts are not energy efficient
systems due to their high coefficient of friction. In this
respect, it is recommended that high energy efficient
fabric ducts are preferred primarily for the Vocational
School of Technical Sciences Building due to its
advantages such as equal distribution of air, ease of

application and visuality.
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Figure 9. A Schematic Representation of Fresh Air Delivery Through the Atrium.

5. Conclusion

Wrong decisions taken while constructing buildings can
be difficult and costly to solve later. Although it is
costly, Mechanical ventilation solution is considered
mandatory. In addition, the energy load of the
mechanical ventilation system will be significantly
reduced with the proposed reflective film coating. As a
result, mechanical ventilation is a viable method to
reduce and control at a certain level the Atrium
overheating in the Vocational School of Technical
Sciences. However, determining which of the above-
mentioned options is suitable, both system selection and

application method, requires a separate project and team

work in terms of engineering. Here, in order to increase
the efficiency of ventilation, partial air conditioning
with evaporative cooling, which is more cost-effective
than conventional cooling in terms of investment and
operation, can also be applied to the supply air. This
issue is also an issue that should be evaluated by the

team that will make the ventilation project.

Natural ventilation strategies will be successful in the
summer months to eliminate the hot air generated in the
building atrium, however, due to the large volume of the
atrium and uncontrolled natural ventilation, excessive
cooling may occur in the building during the winter

months. Therefore, the best solution is the application of
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mechanical ventilation that accompanies the natural
ventilation strategies. In addition, in cases where natural
mechanical

ventilation is insufficient in summer,

ventilation will help to provide thermal comfort.
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Asal sayilar

Giivenli olmayan bir ag ortaminda verileri gizlemek ve transferini saglamak igin
sifreleme kriptosistemleri kullanilir. Asimetrik sifreleme kriptosistemlerinde
verinin giivenle saklanmasi ve iletigimin giivenli gerceklesmesi igin kullanilan
algoritmalarin giicii, anahtar gizliligi, cebirsel fonksiyonlar kadar kullanilan asal
sayilar da etkilidir. Kriptosistemin giivenligi ayn1 zamanda saldirilara dayanabilme
kapasitesiyle iligkilidir. Asimetrik sifreleme algoritmalarindan biri olan RSA
sifreleme algoritmasi saldirilara kars: giiciinii carpma igleminden almaktadir. Cok
biiyiik sayilarin garpanlara ayrilmasi zorlugu RSA’nin giiciine gii¢ katmaktadir.
RSA’da modN’i olusturan (N=p.q) p ve q asal ¢arpan degerlerinin gok kiigiik ve
birbirine yakin olmasi sistemin giivensizligi sorunu dogurmaktadir. Caligma
kapsaminda Onerilen RSA algoritma uygulamasiyla bu giivensizlik sorunu
incelenmis ve 2"k (k>3) adet asal say1 kullanilarak RSA sifreleme yapilmis Normal

RSA ile karsilagtirma yapilmistir.
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RSA. The fact that the prime factor values of p and q (N=p.q) that make up modN
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This insecurity problem was examined with the RSA algorithm application
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1. Giris

Bilginin  kullanicilar arasinda iletisim kanallari
vasitastyla aninda tek tusla iletildigi dijital diinya
internetin sagladig1 avantajlarinin yani sira istenmeyen
kullanicilara ve onlardan gelebilecek saldirilarla da
maruz kalmaktadir. Giivenli olmayan bir ag ortaminda
matematiksel teknikleri kullanarak bilgiyi okunamaz
bir forma doniistiirerek gizlemek ve transferini
saglamak  icin  sifreleme  kripto  sistemleri
kullanilmaktadir. Kriptoloji, kriptografi ve kriptanalizi
barindiran ve iletisimin giivenle gerceklesmesini
inceleyen bilimdir Liestyowati, 2020). Bilgi giivenligi
i¢cin gereken kodlar, sifreler, kodlamalar insanoglunun
hayatinin hemen her alaninda farkinda olmadan yer
almaktadir. Kriptologlara gore kodlar ve sifreler
birbirinden farklidir. Kodlar, harflerin, sozciiklerin
veya ifadelerin onceden diizenlenmis big¢imi iken ,
sifreler ise mesajlari okunamaz karmakarigik bigime
doniistiirmek i¢in algoritma adi verilen matematiksel
prosediirleri kullanmaktadirlar. Sifreleme algoritmalari
ve sifre anahtarlari, kap1 kilit ve kap1 anahtarlarina
benzer, kilitlerin ¢aligma bigimi ay1 olabilir fakat
anahtarlar birbiriyle ayni degildir(Mann, 2002).
Matematikgilerin asal sayilara olan hayranligt ve asal
sayilarin matematik diginda sifreleme bilimiyle olan
kuvvetli

iligkisi ge¢misten gilinlimiize pek ¢ok

galismaya konu olmustur. Asal sayilarin siber
giivenligimize olan etkisininin ne kadar farkindayiz?
Acik anahtar kriptografisi sifreleme algoritmalarinin
giivenlik onlemlerini asal sayilarla saglamaktadir. E-
ticaret sistemlerinde kimlik dogrulama yani elektronik
imza ve giivenli iletisim agik anahtar kriptografisi ile
gergeklesmektedir (Wolf, C., & Preneel, B. ,2004).
Acik anahtarli kriptosistemler anahtarin giivenle
iletiminin gligliglinii yasamamak ayrica paylasilan
genel anahtar vasitasiyla 6zel anahtarin elde edilmesini
imkansiz kilmak amacindadir. (Tuncal, 2008).Tubitak
2010 yilinda yayimladigr  Ag¢ik Anahtar Altyapisi
Egitim Kitabi’ nda asimetrik sifrelemenin gizlilik,
edilemezlik

bitiinliikk, kimlik dogrulama, inkar

Ozelliklerini sagladigini; anahtar uzunluguna baglh bir
giivenlige sahip oldugunu fakat simetrik sifreleme
algoritmalarmma gore daha yavas bir performansta
oldugu belirtilmektedir. Asimetrik sifreleme algoritma
diiz metin, sifreleme algoritmasi, 6zel anahtar, genel
anahtar, sifreli metin, desifreleme algoritmasi
asamalarindan meydana gelmektedir (Stallings, 2006).
Bu alt1 ana hat agik anahtarli sifrelemede ayrintili ele
alindiginda karmasik bir alt yapida olsalarda ve
temellerinin matematiksel islemlere dayansa da genel
cercevede oldukca basit bir yapiya sahiptir.
Gondericinin  6zel anahtarint  bilmedigimiz halde
verileri gizlemek ve gondermek i¢in halka agik olan
anahtar vasitasiyla gergeklestirilen sifrelemede ¢ok
basit gibi goériinen ama tersine ¢evrilmesi gii¢
matematiksel islemlerden yararlanilir. Giivenligi ve
erigilebilirligi  arttirdigi  i¢cin  matematiksel  giic
Asimetrik gifreleme algoritmalarindan RSA’da avantaj
olarak kabul gérmektedir. Gondericinin diiz metni olan
orijinal

mesajlardan  sifreli bir mesaj meydana

getirmek bazi adimlarla
kodlanmaktadirlar (Chaudhury, P., Dhang, S., Roy, M.,

Deb, S., Saha, J., Mallik, A., ... & Das, R. , 2017).

icin algoritmik

Orijinal veriyi gonderecek taraf alicinin halka agik olan
ve iki sayidan olusan anahtarini kullanarak sifrelemeyi
gergeklestirir.  Davetsiz  bir misafirin  veri iletimi
sirasinda gizli anahtar1 bulma sansi oldukca azdir.
Alici; gondericinin sifreledigi bilgiyi yine iki sayidan
olusan 06zel anahtarmi kullanarak orijinal bigime
doniistiirir. Bu kadar kolay gibi goriinen bu siirecin
arka plan

karmagik matematiksel algoritmalarla

saglanmaktadir. RSA kriptografide matematiksel
islemler icin tercih edilen biiyiikk asal sayilardan
meydana gelen bilesik sayilarin ¢arpanlarina ayrilmast
zorlugu verinin pargalanmasini yada uygun anahtar
olmadan okunmasini engellemektedir. Rivest ve
meslektaslar1 tarafindan kullanilan carpanlara ayirma
algoritmasinin o anki en hizli algoritmaya ve kullanilan
bilgisayarm 1 hizina

milisaniye sahip oldugu

varsayimiyla 200 basamakli bir ¢arpanin bulunmasi
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girisiminin 4 milyar y1llik hesaplama siiresi gerektirdigi
belirtilmektedir (Mollin, Richard A. ,2002). Bu durum
garpanlara ayirmanin sadece insanlar i¢in degil aygitlar

i¢in de ne derece zor oldugunun agik bir kanitidir.
2. RSA Algoritmasi

Ik kez 1977'de Ron Rivest, Adi Shamir ve Leonard
Adleman tarafindan  ve isimlerinin bas harflerinden
olusan RSA sifreleme ve sifre ¢ozme algoritmasi bir tiir
acik anahtar sifrelemesidir (Mathur, H., & Alam, Z.,
2015). RSA ‘da iyi bir veri giivenligi elde etmek igin
anahtar olugturma alanlariyla ilgili kati kurallara
uyulmasi, anahtarin yeterince biiyiilk uzunluklarda
kullanilmasi, asal sayilarin giivenilir sekilde iiretilmesi
gerekmektedir. RSA algoritmasi temeli bit cinsinden
istenen anahtar uzunlugu nBit olan ve herbiri yaklagik
olarak nBits/2'ye esit boyutta olarak {iretilen iki farkli p
ve q asal sayist ilizerine kurulmustur (Ivanov, A., &

Stoianov, N. (2023).

Bob

7 Key
| Secret Key [*— Generator

rd

~_Alice
Public Key I/

!
-Message ’—'- Encrypt ’——

Emm— 2 =

Sekil 1.RSA Algoritmasi (Mathur, H., & Alam, Z.,
2015)

Semayi inceledigimizde RSA’nin genel hatlarini nasil
gergeklestigini  gormekteyiz. Alice Bob’a gizli bir
bilgi gonderecekse Bob’un olusturdugu anahtar

¢iftinden halka agik olanmi kullanmasi gerekmektedir.

— Decrypt '—’|Message \

Bob's ™

/ \ Public KEV/"':

13

Bob Alice’e iki bilesenden olusan (E,N) a¢ik anahtarim

gonderir ve Alice de bu anahtar1 kullanarak
gonderecegi bilgiyi kilit altina almis olur. Sifreledigi bu
bilgiyi gilivenli olmasa da artik bir kanal aracili ile
Bob’a gonderir. Bob kendi 6zel anahtari olan (D,N) ile
sifreli bilgiyi desifreleyerek orijinal metne ulasir. Bob
disinda higkimse onun oOzel anahtari olmadan
desifreleme basamagini gergeklestiremez. Dolayisiyla
Eve orijinal metne erismek istiyorsa direkt olarak
Bob’un 6zel anahtarina ulagsmali ya da N’yi
carpanlarina ayirip D Yi hesaplamalidir. Cok biiyiik
asal sayilarla matematiksel algoritmalarini gergekleyen
RSA da garpanlara ayirma isi oldukga zaman alict ve
aygitlar i¢in bile zorlayicidir. En sik kullanilan agik
anahtar sifreleme algoritmalarindan RSA, tamsay1
carpanlara ayirma problemi gibi matematiksel
problemlerin ¢oziilmesindeki zorluga dayanmaktadir
(lvanov, A., & Stoianov, N. (2023). Cok biiyiik asal
sayilar1 carpanlarina ayirma metodu bulunmadigi

siirece RSA giivenliginin giivende oldugu

ifade edilmektedir (Liestyowati, D.

,2020).  Uzun yillardir RSA tabanh
kriptografik  sistemleri kirmak igin
giivenlik agiklarini belirlemek ,

matematiksel saldir1 modelleri olusturmak
B amaciyla yapilan ¢aligmalarda su ana kadar
2048 bit veya daha biiylik uzunluktaki
RSA anahtarim kirabilecek bir saldiri
yaklasimi gelistirilemedigi goriilmektedir
(lvanov, A., & Stoianov, N. (2023). Son
¢ yiz yildir pek c¢ok matematik¢inin
calismasinda konu olmasinin bile biiyiik
sayilarin ¢arpanlarina ayrilmasinin
zorlugunnun ispatlandigina dair bir kanit olmadig: ve
RSA sistem giivenliginin varsayimdan ibaret oldugu,
ayrica belirlenebilmis net bir algoritmanin olmadig:

aktarilmaktadir (Aksuoglu, 2010).
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3. RSA Anahtar olusturma Oneri Algoritmasi

Calismada standart RSA’dan farkli olarak anahtar
olusturmada ¢oklu asal say1 kullanilarak (2’den fazla
asal sayi ile) sifreleme yapilmistir. Giivenlik agisindan
daha kiiciik bitlerle giivenlik arastirilmigtir. Hinek, M.
J. 2008 de yaptig1 calismasinda RSA giivenliginde
¢oklu asal sayilarin kullanimini incelemis ve 80 bit
coklu asal say1 kullanimi 1024 bit temel RSA ile ayni
giivenligin saglandigini ifade etmistir. RSA sifreleme
sisteminin modiiliinde iki adetten daha fazla ¢arpan
kullanilmasi, 6zel anahtar hesabinda aritmetik bir
avantaj saglayacagi ve dogru parametre se¢imi
sayesinde c¢arpanlara ayirma probleminin zorlugu
acisindan aynm giivenlik diizeyine ulagmak i¢in daha
biiylik bir modiille ¢aligmak zorunda kalinmayacagi
belirtilmektedir (Hinek, M. J., Low, M. K., & Teske, E.
,2003). Kamardan ve arkadaglarmin  2018’de
gergeklestirdigi Multi-prime RSA ¢alismasinda sifre
¢6zme hizi ve bellek tasarrufu agisindan standart
RSA’dan verimli oldugu belirtilmistir. Ayrica 2000
yilinda Compagq tarafindan yapilan deneysel sonuglarin
Multi-prime RSA sayesinde sifre ¢6zmenin, standart
RSA'dan hemen hemen 4 kat daha hizli oldugunu
belirtmistir (Kamardan, M. G., Aminudin, N., Che-
Him, N., Sufahani, S., Khalid, K., & Roslan, R. , 2018).
Aglar tlzerinde giivenligi saglamak icin degistirilmis
bir RSA sifreleme sistemi kullanan Ivy ve arkadaslari
asal say1 algoritmasini gelistirmek amaciyla dort asal
sayt kullanarak algoritmayr gerceklestirmislerdir.
Ayrica bu teknigin, aglar lizerinde daha fazla verimlilik
ve giivenilirlik sagladigimi ifade etmektedirler (Ivy, B.
P. U., Mandiwa, P., & Kumar, M. , 2012). Rivest ve
Silvermen giiclii asal sayilarin kullanimi carpanlara
ayirma saldirilarina karst ek koruma saglamadigini
belirtmektedirler. RSA kripto sisteminde giiglii asal
sayilarin kullanilmasinin  yaygin bir inanis oldugunu
ve gereksiz oldugunu hatta yalnizca ayni biiyiikliikteki
"rastgele" asal sayilar kullanilarak elde edilene gore
giivenlikte ihmal edilebilir bir artiy meydana geldigini
asallar

belirtmektedirler.  Caligmalarinda

gliclii

iretmenin ekstra maliyeti disinda kullanilmalarinin
zararlt gériinmedigini, ancak onlar1 kullanmanin fazla
koruma saglamadigini, gercek koruma igin yeterince
biiylk p ve q asal sayilarmi segilmesi gerektigini
aciklamiglardir. Giiglii asallarin rastgele asallarin

sagladigindan daha az  koruma sagladigini
savunmaktadirlar (Rivest, R. L., & Silverman, R. D.,
1999). Giiglii veri giivenliginin saglanmasi biiylik
kriptografik anahtar ciftleri yani biiyiik genel anahtar ve
0zel anahtar aracilig1 ile saglanabilir. Bunun sonucunda
bellek kisitlamali aygitlar,

kiicik aygitlar icin

hesaplama  biiyilk maddi yiike neden olmaktadir.
Giliniimiiz dijital diinyasinda kii¢iik cihazlar oldukg¢a
siklikla kullanilmaktadir.  Kiigiik aygitlarin giiglii
giivenlikte ¢alismasit igin RSA tercih edilirligi ilk sirada
yer almayacaktir. (Mahto, D., Khan, D. A., & Yadav,
D. K., 2016). Peki ¢ok biiyiik asal sayilar kullanmak
gercekten gereklimi? Daha kiigiik asal sayilarla da

giivenli sifreleme yapmak miimkiin mai?
4. Gereg¢ ve Yontem:

Bu ¢alismada Lone, & Khalique, 2016°da 6nerdikleri
coklu asal say1 RSA algoritmasindan yararlanilmstir.
Gergeklestirilen Oneri algoritmasi i¢in anahtar {iretim
asamalari, sifreleme ve desifreleme basamaklar1 8 asal
say1 igin asagidaki gibidir. Bu ¢alismasinda bu anahtar
tretim algoritmasi kullanilmis fakat Ornek alinan
calismadan farkli olarak sinirli asal say1 kiimeleri ile
uygulamalarin giivenlik izerindeki etkileri
arastirilmistir. Calisma 15 -2500k islemci 3.3 GH ve

12gb ram o&zelliklere sahip bilgisayarda yapilmistir.
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8 Asal Sayi Ile Anahtar Uretimi:

Girdi:

- 8 asal say1
P1)P2 P3Py P5PeP7:Pg

Cikt:
*  Genel anahtar bilesenleri: {E, n}
«  Ozel anahtar bilesenleri: {D, n}

Prosedir:

* N<Pr1b2
* M < P3.Py
* 0« Ps.Pe

* P<DP7-Ps
« Nijen.m

« Ny<o.p

« N < NN,

/*n, m, o ve p'nin Euler phi degerlerini

hesaplanmas1*/:

$(0) « (ps —1.(ps — 1)

d@) « (p; —1D.(pg — 1)

/*N'nin Euler phi degerlerini hesapla */

p(n) « (pr—D.(p2 -1

p(m) « (p3 —1.(pa — 1)

15

¢(N) «
¢(n). ¢(m). ¢ (0). $(p)

Rastgele bir € 1 sayst bul,
1<e <) ve
ged(e 1,6(n)) =1

Rastgele bir e 5 sayisi bul,

1<e, <¢p(m) ve
ged(e 2,¢(m)) =1

Rastgele bir e 3 sayist bul ,
1<e;<¢(o) ve
ged(e 3,¢(0)) =1

Rastgele bir € 4 sayist bul ,

1<e, <d(p) ve
ged(e 4, ¢(p)) =1

Hesapla A ; < e {°2modN;
Hesapla A , « e 3;°*modN,
Hesapla E <« A 1A2mod(N)

Rastgele bir £ sayis1 bul,
1<E <¢n).E'
gcd(E ,p(n).E ) =1

Rastgele bir D sayist hesapla, D «
E 'mod(¢p(N).E ') (Lone, &
Khalique, (2016)
https://onlinelibrary.wiley.com/doi/full/
10.1002/sec.1619)


https://onlinelibrary.wiley.com/doi/full/10.1002/sec.1619
https://onlinelibrary.wiley.com/doi/full/10.1002/sec.1619

-
[op}

1ixt-output.txt ~

N = 9699698

#(N)= 165BE8B0

el= 918217285

e2= 1684981675

e3= 1838523423

ed= 672996701

E'= 3825

E= BG6B208237

D= 2264939173

input= 113

output= 5

Anahtar Olusturma Siresi: 11.912844 ms
Encryption Siresi: ©.325937 ms
Decryption Siresi: ©.246007 ms
Bellek Kullanimi (byte): 1646648

Sekil 2. Cok kiiciik 8 asal say1 uygulama 6rnegi

o0 @ 3.txt-output.txt
:59

H

167

:71

:73

79

183

197

N = 794984171581831

&(N)= 718777862195208

el= G2B956073

e2= 1610778331

ed= 1758519887

ed= 1954102535

E'= 547136430088661

E= 1659941263

D= 56@B89162827236031136558991727
imput= 113

output= 2992

Anahtar Olusturma Siresi: 12.287858 ms
Emcryption Siresi: @.246807 ms
Decryption Siresi: B.556704 ms
Bellek Kullanimi (byte): 1646592

R N Py

Sekil 3. Cok kiictlik 8 asal say1 uygulama 6rnegi

2. ixt-output.txt

:5
:7
:11
13
:17

:19

123

=29

N = 1878282205

#(N)= 5189350840

el= 698572335

e2= 1685791441

e3= 1256087721

ed= 1713665743

E'=s 531911828

E= 587373793

D= 114948392465914657

input= 113

oputput= 8

Anahtar Olusturma Sdresi: 12.206746 ms
Encryption Sidresi: @.265681 ms
Decryption Siresi: 8.380985 ms

Bellek Kullanimi (byte): 1646592

0o~ R

Sekil 4. Cok kiiciik 8 asal say1 uygulama 6rnegi

Tablo 1. Uygulama sonuglar1 ortalama degerler

tablosu.
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Anahtar  Sifrelem Desifrele Bellek
olugturma siiresi  me siiresi  Kullanimi
stiresi (MS) (ms) (ms) (byte)

12 0.25 0.5 1646608

Sekiller ve tablo incelendiginde Standart RSA kripto
sistemi meydana getiren temel ii¢ ana asama RSA
anahtar olusturma 6nerisi kripto sistemi i¢in de aynen
Anahtar  Uretimi,

gerceklestigi  goriilmektedir.

Sifreleme, desifreleme ve bellek kulamminda
gerceklesen uygulama sonuglari  RSA  anahtar
olusturma Onerisi giivenligini arttirmak igin yeterli olup
olmadi incelenmelidir. RSA anahtar olusturma onerisi
coklu asal sayr kullanilmasi sonucu algoritmanin
giivenligini kirmanin asal sayilarin kiigiik se¢ilmesine
ragmen zorluk seviyesini arttiracagi diistiniilmektedir.
Bu algoritmanin gelecekte daha ayrintili olarak
tartigilarak giivenlige olan katkilarmin arastirilmasi

umulmaktadir.

5. Sonugclar ve Degerlendirme

Bilgi giivenligi, tim alanlarda kullanicilar arasinda
iletisimin en 6nemli unsurudur. Sifreleme, sifre ¢6zme
ve anahtar olusturma algoritmalarinin standart RSA
dan farkli olarak coklu asal sayi ile gergekleserek
veriler  i¢in  maksimum

giivenligi  saglamak

hedeflenmistir. Yapilan carpanlara ayirma
uygulamalarinda, GNFS, modiil N’i olusturan g¢oklu
asal garpanlara ulagilamadigi gozlenmistir. Coklu asal
kullanim1 sayesinde kii¢iik aygitlarda kullanilabilecek
kolay kirilmayan sifreleme gergeklesecegi ve bunun
icin ¢ok biiyllk sayilara ihtiyag duyulmayacagi
diistiniilmektedir. Farkli asal say1 kiimeleri ile ¢alisma
gelistirilmeli ve sonuglart karsilastirilmalidir. Aslinda
sifreleme tekniklerinin hepsi bilinen tiim saldirilara
kars1 tamamen Gelecekteki

giivende degildir.

teknolojik  gelismeler  dogrultusunda  ¢arpanlara
ayirmada giicii ¢ok yiiksek aygitlar ya da yeni bir

carpanlara ayirma algoritmasi gelistirilmesi durumunda



Asimetrik Sifrelemede Asal Sayilar ve Giivenlik

¢ok giiclii ve ¢oklu asal sayilarla calisan sifrelemeye

ihtiyag dogabilir.
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One Cikanlar

> Asansor sistemlerinde, sistemin zemine ¢akilmasini ya da kuyu tavanina ¢arpmasini dnleyen parasiit
frenler hayati 6nem tagimaktadir.

> Sisteme uygun parasiit fren secilebilmesi i¢in heniiz tretilmemis {iriinlerin yaklagik agirliklar ile
sistemde kullanilacak kilavuz ray tipi, yiizey 6zellikleri gibi bir ¢ok parametlere hesaba katilmaktadir.

»  Frenlerin; ¢evresel etkenler, liretim ve montaj kusurlarindan dolay1 6ngériilenden farkli performans
gostermeleri muhtemel bir risktir. Bunun gibi ¢ok degigskenli ve parametreli miihendislik
problemlerinde sonuctan yola ¢ikilarak, bilgisayar ortaminda analiz edilmesi yaklasimi yaygin olarak
miihendislik problemlerinde kullanilmaktadir.
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Asansor Modernizasyon.

Bu caligmada, dar asansor kuyularinda ve siklikla modernizasyon projelerinde
tercih edilen L tipi karkas tasarimlarinda, uygun olmayan kisa frenleme
mesafelerinin karkas konstriiksiyonuna etkileri incelenmistir. Bu yazida asansor
frenleme mekanizmasi detaylarina girilmeden, frenlemenin tamamlandigt andaki
sonuglar incelenmistir. Gergek bir asansore ait fren izi 6l¢limleri yapilarak, durma
aninda olusan kuvvetlerin asansor ana tastyici lizerindeki etkileri, sonlu elemanlar
yontemi ile ii¢ farkli frenleme mesafesi i¢in incelenmistir. Fren performansinin
standart dig1 degerlerde olmasinin, ana tasiyici iizerinde plastik deformasyonlara
neden oldugu, yapilan analizler sonucunda bulunmustur. Asansoriin, frenleme
ivmesinin standardin istedigi sinirlar igerisinde kalacak sekilde tasarlanmasi ve
giivenli siiriis i¢in asansoriin yasam dongiisii boyunca bu sinirlar i¢inde performans

gdstermesinin mecburi oldugu goriilmiistiir.
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In this study, the effects of noncompliant braking distances on car sling
construction were investigated in L type elevator systems, which are often preferred
in narrow elevator shafts and modernization projects. In this article, without going
into the details of the elevator braking mechanism, the results at the moment of
completion of the braking are examined. By measuring the brake track of a real
elevator, the effects of the forces on the elevator main carrier at the time of stopping
were examined for three different braking distances by using the finite element
method. As a result of the analysis, it was found that the non-standard values of the
brake performance caused plastic deformations on the main carrier. It has been
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performs within these limits throughout its life cycle for safe driving.
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1. Giris

Dikey tagima  sistemlerinde, asansorii  diger
sistemlerden ayiran en onemli ekipmanlardan biri de
can ve mal gilivenligini garanti altina alan mekanik
parasiit frenlerdir. Parasiit frenler asansoriin herhangi
bir sebepten dolay1 kontrolsiizce asagi ya da yukari
yonde nominal hizi1 asip “TS EN 81-20, 5.6.2.2-
Giivenlik Tertibatinin Devreye Girme Tertibatlar1”
maddesindeki  degerlere ulasgtiginda tetiklenerek
giivenli ve konforlu bir durus saglarlar. Parasiit frenler
asansorin zemine ¢akilmasini Onleyerek, kilavuz
raylara kenetlencek sekilde tasarlanmiglardir. Kilavuz
raylar yiizeyindeki kalite problemlerinden kaynakli
standart dis1 ylizey piriizlilik degerleri, fren
iretiminden kaynakli kalite problemleri, ray ve fren
kamasi yiizeyinde zamanla olusan deformasyonlar ve
tasarim agamasinda sistemin toplam agirligina uygun
olmayan fren se¢imlerinden kaynakli olarak dngdriilen
degerlerden daha yiiksek ivmeli, ani frenlemeler ya da
¢ok diisik ivmeli Ongérillenden daha uzun kayma
mesafeli frenlemeler meydana gelebilmektedir. Bu
ivmeli frenleme durumlari

calismada  yiiksek

incelenmistir.

Temel olarak fizikte hareket eden bir cismi, belirli bir
mesafe sinirlari iginde durdurabilmenin en kolay yolu,
sirtinme kuvvetleri etkisi altinda mevcut kinetik
enerjisinin 1stya ¢evrilmesi olarak tanimlanmaktadir.
Bu kural asansor sistemleri i¢in de gegerlidir. Bu
konuda dikkat edilmesi gereken husus ani frenleme
esnasinda, hareketin ters yoniindeki yiiksek frenleme
ivmesinin, asansor durus konforunu ve giivenligini
olumsuz etkileyecek olmasidir. Asansér mekanik ve
elektronik sistemlerden olusan kompleks bir yapidir.
Hayati durumlarda devreye girmesi gereken frenler,
asansOrii durdurmasimmin yani sira asansorii nasil
durdurdugu da olduk¢a Onemlidir. Yirirliikte olan
asansOr standardt  “TS EN 81-20, 5.6.2.1.3-

Yavaslama” maddesinde frenleme ivmesinin, yer

¢ekimi ivmesinin 0,2 ile 1 kati arasinda olmasi sart

kosulmustur. Tavashoglu S., 2022. “Giivenlik
Tertibatlarinda Kuvvet Hesaplart Degerlendirmesi”
makalesinde frenleme ile ilgili yapilan ¢alismalari

detayli olarak agiklamaktadir.
2. Malzeme ve Yontem

Bu Dbolimde c¢alismada  kullanilacak  6lglim

metodolojisi ilgili standartlar incelenerek agiklanmustir.
2.1 Asansor Fren Testi Standardi

Asansorler hizmete alinmadan once bir dizi mekanik
testlerden gecirilirler. Bu testlerin amaci {iretilen
asansoriin ilgili pargalarmin iglevlerini yerine getirip
getirmedigini, ayarlarmin ve pargalarin bir biri ile
uyum i¢inde galisip c¢alismadigini kontrol etmektir.
Asansor standardi “TS EN 81-20 6.3.4 — Kabin
Giivenlik Tertibat1 “ ve TS EN 81-50 5.3.3.2 - Farkli
kiitleler icin belgelendirilmis giivenlik tertibati”
maddesinde agiklanan test kabul ve yorumlarina gore,
asansoriin beyan yiikiiniin 1,25 kat1 yiik ile yiiklenerek,
beyan hiz1 ya da daha diisiik hizda frenleme testine tabi
tutulacagr aciklanmigtir. Eger testler beyan hizindan
daha disiik bir hizda gergeklestirilirse beyanda
belirtilen aski1 oranimt saglacak sekilde dinamik testler
ile frenin davramis egri grafiklerini saglamak
zorundadir. Bir diger husus ise fren tipine gore bahsi
gecen testlerin farkhilik gosterdigidir. Ilgili standart
maddesinin (a) ve (b) bentlerinde fren tiplerine gore

testler agiklanmastir.
2.2 Calismada Kullanilan Yontem

Test yapilacak asansdrde kademeli olarak devreye giren
giivenlik tertibat1 kullanilmistir, dolayisiyla standardin
ilgili maddesi (b) bendindeki sartlar yerine getirilmistir.
Test asansoriiniin 6zellikler Tablo 1’de belirtilmistir.
Test asansoriine ait temel L karkas bilesenleri Sekil
1’de gosterilmistir. Heasplamalar yapilirken asagidaki

degerler ve kisaltmalar kullanilacaktir.



L Tip Karkasl Asansor Sistemlerinde Kisa Frenleme
Mesafesinin Karkas Konstriiksiyonuna Etkileri

Q [kg] : Anma ytikii,

P [kg] : L karkas agirlig1 dahil bos kabin ve kabin kapis1
agirliklarinin toplama,

k: Frenleme anindaki darbe faktorii “ TS EN 81-20
5.7.4.4 — Darbe faktorlerinin degerleri” ,

Tablo 1 Test asansorii genel 6zellikleri

Q [kg] 630
P [kg] 750
k 2
Kilavuz Raylar
7\
Kabin Kapisi

Fren

L Kabin
Karkas

Kabin

Sekil 1. 630 kg anma yiiklii L kabin karkas1

Babalik ve Cavdar (2008) fren hesab1 ve tasariminda
karsilasilan sorunlari incelerken, serbest diismekte olan
bir asansoriin sahip oldugu kinetik enerjisinin, durus

aninda frenleme isi tarafindan absorbe edildigi

esitligini  kullanmiglardir. Bu esitlik neticesinde

frenleme ivmesi formiilii asagidaki gibidir:

v2

9=55%F % 9n €Y)

h [m] : Frenleme boyunca kabinin kayma mesafesi

g [m/s?] : Fren ivmesi

gn [m/s?] : Yer cekimi ivmesi

v [m/s] : Frenleme anindaki hiz

Fren izi 6l¢iiliirken fren pabuglarimin kilavuz raylarda

olusturduklar: izler baz alinmistir. Tavaslioglu (2022)
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konsol ve bdlmelerdeki gerilmeler caligmasinda
mevcut iki frenin bir biri ile senkronize g¢aligmasini
saglayan yap1 mekanik bir sistem oldugu i¢in her iki
rayda Olgiilen iz 6l¢iimleri birbirne ¢ok yakin fakat hic
bir zaman ayn1 olmayacagini belirtmistir. Buna gore iki
ray Uzerinde metre ile Olgiilen izlerden, aralarindaki
farki en diisiik olan, yani en yiiksek frenleme ivmesine
sahip olan 1. Test sonuglart segilerek ortalama iz Smin
hesaplanmistir. Asagida parasiit fren testleri sonrasi
asansoriin sag ve sol raylarinda Olgiilen fren izleri
tablosu paylasilmistir.

Bu ¢aligmada T75-3 / B tip ray; Erdem ve Dall1 (2008)
caligmalarinda inceledikleri yaglama gerektirmeyen
kullanilmistir. ISO 7465:2001 standartlarina uygun
olarak islenmis raylar E275 B ¢elik 227 malzemeden
iiretilir, ve B harfi ile gosterilirler. B tipi raylar bahsi
gegen standarda gore ylizey piiriizliilik degerleri; ray

uzunlugu boyunca Ra < 1,6 ve enlemesine 1,6p < Ra

< 3,2p olmak zorundadir.

Tablo 2 Kilavuz raylar iizerinde metre ile dlgiilen fren

izleri
L-Sol | R-Sag iz
Testler | Ray izi Rayizi | Farki
(mm) (mm) | (mm)
1. Test 97 101 4
2. Test 92 99 7
3. Test 103 114 11
4. Test 106 111 5
L+R
Smin = T (2)

L [mm] : Sol rayda 6l¢iilen fren izi

R [mm] : Sag rayda 6lgiilen fren izi

Tablo 2°deki farkin en az oldugu test verileri (2)
numarali formiilde yerinde koyularak S, asagidaki

gibi hesaplanmustir:

97 + 101
min = ———— = 99 mm

Hesaplanan Syin 0l¢iisii, frenin raya temas ettigi pabug
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uzunlugunu da i¢ermektedir. Frenleme boyunca kayma
mesafesinin hesaplanabilmesi i¢in fren pabug¢ uzunlugu
Lp degerinin  Smin

degerinden  ¢ikartilmasi

gerekmektedir.

Smin = kilavuz rayda dlgulen fren izi

|‘ oy

SIII].ﬂ
=

.
Il 3

Kilavuz ray

Sekil 2. Kilavuz raylarda dlgiilen fren izi ve parasiit

fren

Parasiit fren pabu¢ uzunlugu iiretici firmanmn kati
modelinden bilgisayar ortaminda Lp 64 mm 0l¢iilerek,
Sekil 2°deki paragiit fren iizerinde gosterilmistir.
Frenleme boyunca asansorin kayma mesafesi
asagidaki gibi bulunacaktir.

h = Spin — Ly 3)
h=99—-64=35mm=0,035m
Bulunan degerler (1) numarali formiilde yerine

koyularak test asansoriiniin frenleme ivmesinin, yer

¢ekimi ivmesi cinsinden degeri asagidaki gibi
hesaplanmuistir:

0,72
9=3%0035 I~ 0,71g,

Ivme degeri “TS EN 81-20, 5.6.2.1.3 — Yavaslama”
maddesinde belirtildigi lizere kadmeli glivenlik tertibati
icin beyan yiiki ile yiikli kabinin serbest diigmesi
durumunda ortalama yavaslama 0,2 g, ile 1 g, arasinda

olmalidir.

02g, <g<lg, 4

(4) numarali esitsizlige gore bulunan g ivmesi

standarda uygun bir deger oldugu goriilmiistiir.

Ceversel etkenler, iiretim ve montaj kusurlarindan
kaynakli sebeplerle asansor daha kisa bir frenleme
gerceklestirerek, kayma mesafeler, h’=0,020 m ve h”

=0,015 m Sl¢limiis olsaydi, yeni frenleme ivmeleri (1)

numarali  formiill kullanilarak  asagidaki  gibi
hesaplanmigtir:

o o7 X gn = 1,25

9 = 2x002 79T M0

v 07 X g = 1,66

9 T2x0015 " In T P00

Bulunan degerlerin “TS EN81-20, 5.6.2.13 -

Yavaglama” maddesine uygun olmayan alan altinda

kaldigr Sekil 3’te gosterilmistir.

TS EN B1-20, 5.6.2.1.3
Uygun Alan

TS EN B1-20, 5.6.2.1.3
- Uygun Olmayan Alan

. L]
@
1.25, 0.020 1.66, 0.015

Frenleme Siddeti [g./ g.)

Sekil 3. 0,7 m/s frenleme hizinda asansoriin kayma

mesafesi ile fren siddeti arasindaki iliski

2.3 Sonlu Elemanlar Analizi

Frenleme aninda karkas konstriiksiyonuna etki eden
dinamik kuvvetler; anma yiikii (Q=630 kg) ve kabin
agirhigl (P =750 kg) sabit tutularak, “TS EN 81-20
55.7.4.4-Darbe Faktorleri Degerleri" kademeli fren
tipleri i¢in k=2 secilip frenleme anindaki statik
kuvvetlerle carpilarak, sonlu elemanlar yontemiyle

bilgisayar ortaminda modellenerek analiz edilmistir.

Hesaplanan fren ivmelerine gore karkas iizerinde
olusacak dinamik kuvvetlerin hesaplanabilmesi igin,

statik kuvvetler ile carpilacak darbe faktorleri (4)
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numarali formiill ile hesaplanarak Tablo 3’te
Ozetlenmigtir.
K = gntg
In
“4)
K = gn +0,71g, _ 1,719, —171x
gn In

*Sonlu elemanlar analizinde 1,71 darbe faktorii yerine
“TS EN 81-20 5.5.7.4.4 — Darbe Faktorleri Degerleri”
maddeside belirtilen kademeli fren tipleri igin darbe

katsayisi 2 olarak alinacaktir.

_ gn + 1,259, _ 2,259, — 225
gn In
+ 1,66 2,66
k,=9n gn= g"=2,66
gn In

Tablo 3. Fren izi ve darbe faktorleri

Fren izi [m] Darbe Faktorii
h=0,035 m k=2
h’=0,020 m k’=2,25
h”=0,015 m k”=2,66

Fixed Geometry: /

23

2.4 Frenleme Anindaki Durumun Modellenmesi

Frenleme aninda, karkas iizerine etki eden statik

kuvvetler (5), (6) ve (7) numarali formiillerde, ilgili

degerler yerine koyularak dinamik kuvvetler
bulunmustur.

F=P+Q)xk (5)
F={P+Q)xk' (6)
F=P+Q)xk" (7)

F = (750 + 630) x 2 = 2760 kgf
F = (750 + 630) x 2,25 = 3105 kgf
F = (750 + 630) x 2,66 = 3670,8 kgf

Hesaplanan kuvvetler her bir durum i¢in Sekil 4’teki

gibi  Solidworks®  Simulation modiili  i¢inde
modellenerek karkas merkezine etkileyecek sekilde
verilmigtir. Bu c¢alismada 1ii¢ farkli durumdaki
gerilmeleri karsilagtirabilmek igin kuvvetlerin kabin
tabanina yayili olarak etki ettigi diistintilmistiir.
Asansor sistemlerinde karkas konstriiksiyon malzemesi

olarak siklikla tercih edilen S235JR ¢elik malzemesi

secilmistir.

uzerinde

@ Patenler

kayabilir
iligki (Roller Slider)

@ Frenlerin

kilitlenmis

ayrilamaz

raya
durumu

i¢in ayrilamaz iliski

(Fixed)

@ Frenleme aninda
karkas tizerindeki
yiikler

Sekil 4. Solidworks® Simulation ortaminda frenleme an1 modellemesi
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2.5 Ag Olusturma

Ag kalitesi ile ilgili parametreler Tablo 4’teki gibi
belirlenerek, birim ag en boy oranlari (Aspect Ratio) 10
degerinin altinda tutulmustur ve Sekil-5’ teki optimum
ag kalitesi elde edilmigtir. Tiim durumlarda geometrik
bir degisiklik olmayacagindan, ayni ag parametreleri

kullanilarak  karsilagtirmanin

saglikli

yapilmast

amaglanmistr.

Tablo 4. Analizde secilen ag kalitesi parametreleri

Ag Ozelligi Deger
Tip Egrisel Temelli
Maks. Genislik 60 mm
Min. Genislik 20 mm
Bir cember 3
icerisindeki adet
Ebat biiylitme orani 1,2

Apect Rato

Sekil 5. Solidworks® Simulation ag olusturma ve ag kalitesi

3. Bulgular ve Tartisma

Bu bolimde yapilan sonlu elemanlar analizleri

sonuclart  tablolar  seklinde  paylasilacak  ve

karsilastirmalar yapilacaktir. Karsilastirmada giivenli

gerilme sinir1 degeri asagidaki gibi hesaplanmistir:

g,
Oem = ?a ®

Bu formiilde giivenlik katsayist “s” 1,5 segilerek

S235JR ¢eliginin minumum akma dayanimi ” g,” EN

10025-2 — Tablo 77 ‘den 235 Mpa alinarak
bulunmustur.

235 Mpa
Oem = 45 - 156,67 Mpa

3.1 Durum 1 Analiz Sonuglari

Yapilan sonlu elemanlar1 analizleri sonuglar1 her bir
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durum i¢in ayr1 ayr1 incelenecektir. Durum 1 igin analiz  sinir gerilmesi altinda, giivenli bolgede kaldig1 Sekil
sonucunda elde edilen 145,11 MPa gerilmenin, S235JR ~ 6’da goriilmektedir. Analiz sonuglar1 Tablo 5’de

malzeme akma sinirinin, 1,5 kat emniyetli 156,67 MPa  dzetlenmistir.

Tablo 5. Durum 1 igin analiz sonuglari

Durum 1

Karkas Konstriiksiyonuna Etkiyen Kuvvet F 2760 kgf
Fren Izi h 0,035 m
Kademeli Frenleme Ani1 Darbe Katsayisi k 2

Karkas Konstriiksiyonundaki En Yiiksek
Gerilme

Sonug¢ 145,11 MPa < 156,67 MPa Emniyetli.

6 145,11 MPa

von Mises iN/mm#2 (MPa))
14511
L 130,80
_ 1Mels
_ 10158
_aror
7256
 58.04
4353
29.02
14.51

0.00

39599

Walue:| 145,11 N/mm#2 (MPa)

Sekil 6. Durum 1 Von Mises Gerilmeleri (6)

3.2 Durum 2 Analiz Sonuglar1

sonucunda elde edilen 179,96 MPa gerilmenin 1,5 kat
Durum 2 igin yapilan analizde 1,25 g, frenleme

ivmesinin “TS EN 81-20, 5.6.2.1.3- Yavaglama”

emniyetli 156,67 MPa smir gerilmesi {izerinde,

emniyetli olmayan bdlgede kaldigi goriilmektedir.

maddesine uygun olmadigi tespit edilmistir. Analiz . .
Durum 1’de olusan gerilme 145,11 MPa maksimumda
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tutularak, bu gerilme {izerindeki tiim degerlerin kirmizi  maksimum gerilmenin de 179,96 MPa oldugu Sekil 7°
olarak gosterilmesi amaglanmis olup, olusan de goriilmektedir. Analiz sonuglari Tablo 6°da

Ozetlenmigtir.

Tablo 6. Durum 2 i¢in analiz sonuglari

Durum 2

Karkas Konstriiksiyonuna Etkiyen Kuvvet F 3105 kgf

Fren Izi h’ 0,02 m
Kademeli Frenleme An1 Darbe Katsayisi kK’ 2,25
Karkas Konstriiksiyonundaki En Yiiksek 6’ 179.96 MPa
Gerilme
179,96 MPa < 156,67 MPa Emniyetsiz,
Sonug¢

plastik deformasyon yok.

won Mises (M/mm#a2 (MPay)
145.11
130,60
_ 11809
_ 10158
_ graor
| ! 72.58
_ 5804
_ 4353
29.02
14.51

0.00

39599

Value:| 179,98 N/mm~2 (MPa)

Sekil 7. Durum 2 Von Mises Gerilmeleri (6)

3.3 Durum 3 Analiz Sonuglari

emniyetli 156,67 MPa sinir gerilmesi {izerinde ve hatta
Durum 3 i¢in yapilan analizde 1,66 g, frenleme

ivmesinin “TS EN 81-20, 5.6.2.1.3- Yavaglama”

235 MPa akma sinirin1 astig1 Sekil-8’de goriilmektedir.

Analiz sonuglar1 Tablo 7°de dzetlenmistir.
maddesine uygun olmadigi tespit edilmistir. Analiz

sonucunda elde edilen 248,72 MPa gerilmenin 1,5 kat
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Tablo 7 Durum 3 i¢in analiz sonuglari

Durum 3
Karkas Konstriiksiyonuna Etkiyen Kuvvet F” 3670,8 kgf
Fren Izi h” | 0,015m
Kademeli Frenleme Ani1 Darbe Katsayist k” 2,66
Karkas Konstriiksiyonundaki En Yiiksek 6> 248.72 MPa
Gerilme
248,72 MPa > 235 MPa Emniyetsiz,
Sonug

plastik deformasyon var.

von Mises (N/mm#2 (MPa))
145.11
130.60
_ 116.09
_ 10158
_ 87.07
! 72.56
_ 58.04
_ 4353
29.02
14.51

0.00

39599
Value:|259.76 N/mm#2 (MPa)

Sekil 8. Durum 3 Von Mises Gerilmeleri (6”)

4 Sonuclar ve Degerlendirme

Yapilan teorik hesaplamalar ve ayni sartlar altinda
yapilan analizler gostermistir ki frenleme mesafesi
kisaldikea, karkas konstriiksiyonuna etki eden dinamik

kuvvetler kabul edilen degerleri asarak, fren

konforunun azalmasindan baglayip, asansoriin ana

tastyict  karkas  pargalar1  iizerinde  plastik

deformasyonlara neden olarak asansor yapisinin

bozulup ¢aligmamasina ve kabin igerisindeki insanlarin
yaralanmasina sebebiyet verecek sonuglar meydana
getirmektedir. Karkas malzemesi olarak segilen
S235JR i¢in Durum 3’teki analiz sonucu malzemenin
akma dayanimi gegerek plastik deformasyonun

gerceklestigini goriilmiistiir.

Tim bu sonuglar goz Oniine alindiginda asansor
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sisteminin frenleme boyunca ray iizerindeki kayma
davranisinin optimum olacak sekilde tasarlanmasi
gerekmektedir. Bunun i¢in ray ylizey piiriizlilik
kalitesi ile ray tipine bagli olarak yaglamanin
zamaninda ve diizenli yapilmasi, tasarim esnasinda ray
tipine ve toplam agirlik (P+Q) degerine uygun fren

sec¢ilmesi ana esaslardir.
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